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1
SUBSTRATE TRANSFER APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a substrate transfer appa-
ratus and a substrate transfer method to transfer a substrate
stopped at a first position toward a second position and to stop
the substrate at the second position, and a surface mounter
that mounts components on the substrate positioned at the
second position by the substrate transfer apparatus.

2. Description of the Background Art

With a substrate processing system that mounts electronic
components on a substrate, substrate processing apparatuses
such as a printer, a print inspector, a surface mounter, a mount
inspection apparatus, and the like are installed side by side
along a transfer path. The respective substrate processing
apparatuses perform desired processes according to a pro-
cessing program on a substrate transferred along a substrate
transfer path. As for a surface mounter, for example, a sub-
strate transfer mechanism transfers a substrate to a predeter-
mined target position of the surface mounter. The substrate
transfer mechanism then stops the substrate at a predeter-
mined target position. The transferred substrate is then sub-
jected to a component mounting where electronic compo-
nents, such as an IC (Integrated Circuit) supplied from a
component supplying section such as a tape feeder, are
mounted onto the substrate. Upon completing the component
mounting operation, the substrate is shipped from the target
position. Such a series of substrate processing operations
(substrate transfer, component mounting, and substrate ship-
ping) is repetitively performed.

In order to perform the substrate processing operations
described above on substrates of the same type in an efficient
manner, the substrates must be transferred accurately to a
target position. Also the substrates must be positioned accu-
rately at the target position. To meet with the demand, a
conventional apparatus, for example described in JP Patent
Publication No. 2009-27202, obtains an amount of misregis-
tration amount of an actual substrate stop position with
respect to a target position of a substrate in order to execute a
feedback control. The substrate transfer parameters are then
modified in accordance with the misregistration amount. The
apparatus transfers a next substrate using the modified sub-
strate transfer parameters. Relying upon the aforementioned
feedback control, the conventional apparatus tried to achieve
appropriate substrate transfer.

According to the apparatus described in JP Patent Publica-
tion No. 2009-27202, substrate processing operations must
be performed on at least one substrate to obtain an amount of
misregistration in order to optimize substrate transfer. There-
fore, it is still difficult to perform accurate operation with
respectto a first substrate in transferring to the target position.
In addition, unexpected factors may arise during substrate
transfer such as an occurrence of belt deterioration or sub-
strate slippage while a substrate is being transferred by a belt.
However, the apparatus described in JP Patent Publication
No. 2009-27202 is unable to accommodate such unexpected
factors. Hence, it is difficult to transfer a substrate to a target
position and positioning the substrate at the target position in
a stable manner.

SUMMARY OF THE INVENTION

The present invention has been made in consideration of
the problems described above and an object thereof is to
provide a technique that enables a substrate stopped at a first
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position to be transferred toward a second position and be
stopped at the second position in an accurate and stable man-
ner.

A substrate transfer apparatus according to the present
invention is to transfer a substrate stopped at a first position
toward a second position and to stop the substrate at the
second position. In order to achieve the object described
above, the substrate transfer apparatus comprises: substrate
transfer means or unit that transfers a substrate along a sub-
strate transfer path extending from the first position to the
second position; detection means or unit that detects the sub-
strate at an intermediate position between the first position
and the second position when the substrate is traveling along
the substrate transfer path; and control means or controller
that controls the substrate transfer means. The control means
or controller includes a time measurement section and a
velocity control section. The time measurement section is to
measure an intermediate position arrival time that is required
for transferring the substrate from the first position to the
intermediate position where the substrate is detected by the
detection means. The velocity control section controls a
deceleration pattern in accordance with the intermediate posi-
tion arrival time so that the substrate detected by the detection
means is decelerated to stop at the second position.

In another aspect of the present invention is a substrate
transfer method adapted to transfer a substrate stopped at a
first position toward a second position and to stop the sub-
strate at the second position. In order to achieve the object
described above, the substrate transfer method comprises the
steps of: measuring an intermediate position arrival time that
is required for transferring the substrate from the first position
to an intermediate position on a substrate transfer path
extending from the first position to the second position; and
stopping the transferring substrate at the second position by
controlling a deceleration pattern in accordance with the
intermediate position arrival time.

These and other objects, features and advantages of the
present invention will become more apparent upon reading
the following detailed description along with the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view showing a schematic configuration of
a surface mounter equipped with a first embodiment of a
substrate transfer apparatus according to the present inven-
tion;

FIG. 2 shows a combination of (A) plan view and (B) side
view which schematically show an arrangement relationship
between conveyors and sensors in the substrate transfer appa-
ratus;

FIG. 3 is a block diagram showing primary electrical com-
ponents of the surface mounter shown in FIG. 1;

FIG. 4 is a plan view schematically showing an outline of
substrate transfer by the surface mounter shown in FIG. 1;

FIG. 5 is a timing chart showing acceleration/deceleration
patterns of a substrate when the substrate is transferred as
estimated by the surface mounter shown in FIG. 1;

FIG. 6 is a timing chart showing acceleration/deceleration
patterns of a substrate when the substrate is not transferred as
estimated by the surface mounter shown in FIG. 1;

FIG. 7 is a flow chart showing operations of the surface
mounter shown in FIG. 1;

FIG. 8 is a flow chart showing feed-forward control; and

FIG. 9 is a diagram showing an example of transfer data set
by a user or the like in a second embodiment of a substrate
transfer apparatus according to the present invention.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

According to the present invention (substrate transfer
apparatus and substrate transfer method), a substrate stopped
at a first position will be transferred toward a second position
along a substrate transfer path by substrate transfer means.
The substrate is then detected at an intermediate position
between the first position and the second position by detec-
tion means. A measuring step will be carried out to measure
an intermediate position arrival time that is a time required for
transferring the substrate from the first position to a detecting
position where the substrate is detected. The intermediate
position arrival time may vary in a case in which substrate
transfer deviates from an acceleration/deceleration pattern set
in advance occurs, or in a case in which an unexpected factor
such as belt deterioration, substrate slippage, or the like
occurs during the travels of the substrate from the first posi-
tion to the substrate detecting position (the intermediate posi-
tion between the first position and the second position). For
example, when a substrate slippage occurs, the intermediate
position arrival time would delay accordingly. According to
the present invention, the intermediate position arrival time of
every substrate is obtained at a timing midst of transferring
the substrate which travels from the first position toward the
second position. The present invention thus assesses a trans-
fer status of the substrate. A deceleration pattern is then
controlled in accordance with the intermediate position
arrival time before the substrate is transferred to the second
position, so that the substrate stops at the second position
accurately. Since each substrate is thus transferred to the
second position in a manner under feed-forward control, even
if the first substrate, as well as second or subsequent sub-
strates, can always be accurately transferred to the second
position. Furthermore, even if the substrate transfer status is
unduly changed during a transfer due to an unexpected factor,
the status change is accommodated based on the intermediate
position arrival time. The substrate transfer is performed
along a deceleration pattern in accordance with the interme-
diate position arrival time. Therefore, the substrate can be
transferred to the second position in a stable manner.

“Controlling a deceleration pattern in accordance with an
intermediate position arrival time” means, for example, as
follows: storing previously an estimated time that is a time
estimated to transfer the substrate from the first position to the
intermediate position where the substrate is detected by the
detection means when the substrate is being transferred
toward the second position according to an acceleration/de-
celeration pattern set in advance in a storage section; and
determining a deceleration pattern based on a time difference
between the intermediate position arrival time and the esti-
mated time. The estimated time which is previously stored,
and a comparison for the time difference between the esti-
mated time with the intermediate position arrival time enable
the present invention to determine reliably as to whether the
substrate transfer has deviated from an acceleration/decelera-
tion pattern set in advance, or as to whether an unexpected
factor such as belt deterioration or substrate slippage has
occurred. Such a reliable determination according to the
present invention may include quantitative determinations of
an amount of deviation, an amount of belt deterioration, an
amount of substrate slippage, and the like. Consequently, the
substrate can be transferred to and positioned at the second
position in a more accurate and stable manner.

Meanwhile, the time difference may substantially nonex-
istent. In other words, the intermediate position arrival time
may exactly match an estimated time. Also the difference
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4

between the intermediate position arrival time and the esti-
mated time may be comparable to a measurement error. In
such cases, the substrate may be estimated to be transferred
exactly according to an acceleration/deceleration pattern set
in advance. Therefore, the substrate detected by the detection
means should be transferred in accordance with the accelera-
tion/deceleration pattern as originally set in advance. Stable
substrate transfer can be performed in this manner.

On the other hand, an unexpected factor such as a slippage
of the substrate may also be a cause of a substantial time
difference. When it happens, the intermediate position arrival
time may become longer than the estimated time in excess of
a measurement error range. In order to reliably transfer a
substrate to the second position in such a case, it is preferable
to set smaller deceleration than the deceleration of an accel-
eration/deceleration pattern set in advance so that the unex-
pected factor such as substrate slippage can be prevented
previously, thereby transferring the substrate in a more stable
manner.

When the substrate detected by the detection means is
transferred at smaller deceleration than the deceleration of an
acceleration/deceleration pattern set in advance, the transfer
time of the substrate detected by the detection means at the
second position may be longer than a transfer time in a case
where the substrate is transferred according to the accelera-
tion/deceleration pattern set originally in advance. Therefore,
in order to accurately stop the substrate at the second position,
it is also preferable to hasten the deceleration start timing at
which the substrate detected by the detection means is decel-
erated compared to a deceleration start timing according to
the acceleration/deceleration pattern set in advance. By con-
trolling the deceleration start timing and the deceleration in
this manner, the deceleration pattern can be controlled with
high accuracy and the substrate can also be accurately
stopped at the second position.

In addition, a plurality of substrates of a same type may be
transferred to the second position in an order set in advance
and according to an acceleration/deceleration pattern set in
advance. In such a case, a total time required to sequentially
transfer the plurality of substrates can be reduced by raising
acceleration of an acceleration/deceleration pattern accord-
ing to which the plurality of substrates are transferred. Fol-
lowing is an example. That is, suppose an (n—1)th (where n is
a natural number equal to or greater than 2) substrate is
transferred to the second position according to an accelera-
tion/deceleration pattern set in advance. The acceleration/
deceleration pattern set in advance may be rewritten into an
acceleration/deceleration pattern having greater acceleration
than acceleration used for transferring the (n-1)th substrate.
An (n)th substrate stopped at the first position is then trans-
ferred toward the second position according to the rewritten
acceleration/deceleration pattern. Hence, the substrate trans-
fer time can be reduced. Incidentally, if an acceleration/de-
celeration pattern is rewritten in this manner, then the rewrit-
ten acceleration/deceleration pattern should be interpreted as
an “acceleration/deceleration pattern set in advance” accord-
ing to the present invention. It is in fact preferable to update
the previous estimated time to a new computed estimated
time by computing the new estimated time corresponding to
the rewritten acceleration/deceleration pattern whenever an
acceleration/deceleration pattern is rewritten as described
above.

Furthermore, in order to achieve the object described
above, a surface mounter according to the present invention
comprises: a component supplying section that supplies com-
ponents; the substrate transfer apparatus described above;
and a head unit. The head unit is adapted to be movable
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between an upper part of the substrate that is positioned at the
second position by the substrate transfer apparatus and an
upper part of the component supplying section. The head unit
is also adapted to transfer the components supplied from the
component supplying section onto the substrate.

With a surface mounter configured as described above, a
substrate is accurately transferred to and positioned at the
second position in a stable manner. Therefore, mounting of
components onto a substrate can be performed smoothly after
the substrate is transferred to the second position, and work
efficiency of component mounting can be improved.

Detection means may be attached to the head unit. If the
detection means is adapted to be integrally movable with the
head unit, the detection means can perform two functions: a
substrate detection function for optimizing substrate transfer;
and a mark detection function for detecting a mark or the like
on a substrate. As a result, a sophisticated surface mounter
with a small number of components can be obtained.

As described above, the present invention measures an
intermediate position arrival time that is required for a sub-
strate to travel from a first position to an intermediate position
on a substrate transfer path (a position at which the substrate
is detected by detection means). A deceleration pattern by
which the substrate is transferred from the intermediate posi-
tion to a second position is also controlled based on the
measurement result to stop the substrate at the second posi-
tion. Since the substrate is transferred to the second position
under feed-forward control as described above, a substrate
stopped at the first position can be stopped at the second
position in an accurate and stable manner. Hereinafter, a
specific description will be given.

FIG. 1 is a plan view showing a schematic configuration of
a surface mounter equipped with a first embodiment of a
substrate transfer apparatus according to the present inven-
tion. In addition, FIG. 2 is a diagram which schematically
shows an arrangement relationship between conveyors and
sensors in the substrate transfer apparatus. Furthermore, FIG.
3 is a block diagram showing primary electrical components
of the surface mounter shown in FIG. 1. XYZ rectangular
coordinate axes are shown in FIGS. 1 and 2 in order to clarify
a directional relationship between FIGS. 1 and 2.

In a surface mounter 1, a substrate transfer mechanism 2
corresponding to “substrate transfer means” according to the
present invention is arranged on a base 11 and is capable of
transferring a substrate PB in a substrate transfer direction X.
More specifically, the substrate transfer mechanism 2 com-
prises three pairs of conveyors arranged on the base 11, and
transfer-in conveyors 21a, main transfer conveyors 215, and
transfer-out conveyors 21¢ are aligned from an upstream side
(right hand-side in FIGS. 1 and 2) toward a downstream side
(left hand-side in FIGS. 1 and 2) in the substrate transfer
direction X such that the substrate PB can be transferred along
a substrate transfer path TP from the right hand-side to the left
hand-side in FIGS. 1 and 2. In addition, conveyor drive
motors Mla, M1b, and Mlc are respectively coupled to the
conveyors 21a to 21¢. By controlling driving by the respec-
tive conveyor drive motors M1a, M15, and M1c¢ with a motor
control section 33 of a controller 3 as control means (or a
control unit) that controls the entire surface mounter 1, as
shown in FIG. 2(A), the substrate PB stopped at a substrate
stop position P1 on the transfer-in conveyors 21a is trans-
ferred along the substrate transfer path TP toward a work
position P2 depicted by a two-dot chain line in FIG. 2 and,
furthermore, the substrate PB mounted with components is
carried out.

In addition, a substrate detection sensor is fixed and
arranged with respect to each pair of conveyors. Specifically,
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a sensor SNa for detecting the substrate PB prior to carried in
is fixed to and arranged at a lower position of the conveyors
21a. The sensor SNa detects the substrate PB which is trans-
ferred in the substrate transtfer direction X by the conveyors
21a, whereby a substrate detection signal is outputted to the
controller 3 via an external input/output section 35. More-
over, in FIG. 2 (and in FIG. 4 afterwards), cross hatching is
applied when the sensor SNa (and a sensor SNb to be
described later) is in a state in which the substrate PB is being
detected, and cross hatching is not applied in a state in which
the substrate PB is not being detected.

A computation section 31 of the controller 3 controls the
conveyor drive motor M1la via the motor control section 33
after the substrate PB is detected by the substrate detection
sensor SNa. The substrate PB is then transferred over a given
distance. Further the substrate PB is stopped at a substrate
stop position (which corresponds to a “first position” accord-
ing to the present invention) P1 which is located frontward of
the substrate detection sensor SNa by a predetermined dis-
tance in the substrate transfer direction X as shown in FIG. 2.
Moreover, in the present specification, a tip position of the
substrate PB is used as a reference when pinpointing a loca-
tion of the substrate PB.

A sensor SNb for detecting the substrate PB being trans-
ferred toward a mounting work position (a position of the
substrate PB depicted by a two-dot dashed line in FIGS. 1 and
2) which corresponds to a “second position” according to the
present invention is fixed and arranged at a lower position of
the conveyors 215 that is under an intermediate position P3
between the substrate stop position P1 and the mounting work
position P2. Upon detection of the substrate PB which is
transferred to the intermediate position P3, the sensor SNb
outputs a substrate detection signal to the controller 3 via the
external input/output section 35. Subsequently, the computa-
tion section 31 of the controller 3 performs various compu-
tations based on the detection of the substrate by the substrate
detection sensor SNb. The computation section 31 also con-
trol, at the same time, the conveyor drive motor M15 via the
motor control section 33 based on the computation result to
transfer the substrate PB detected by the sensor SNb to, and
stop the substrate PB at, the mounting work position P2. This
operation will be described in detail later.

The conveyors 21¢ and 21c¢ are provided at the lower por-
tions with a sensor SNc. The sensor SNc is arranged for
detecting a so-called component-mounted substrate PB deliv-
ered from the mounting work position P2. The component-
mounted substrate PB is a substrate onto which components
are mounted at the mounting work position P2. Upon detec-
tion of the component-mounted substrate PB, the sensor SNc
output a substrate detection signal to the controller 3 via the
external input/output section 35. In the present embodiment,
the three sensors SNa to SNc¢ are provided so as to enable
detection of a current position, a transfer velocity, and the like
of'a substrate PB which is transferred by the substrate transfer
mechanism 2. In particular, in the present invention, a decel-
eration start timing and the deceleration of the substrate PB
are controlled in accordance with the detection of the sub-
strate PB by the sensor SNb in order to transfer the substrate
PB to the mounting work position P2 in an accurate and stable
manner.

The substrate PB stopped at the mounting work position P2
in this manner is fixed and held by a holding apparatus (not
shown). Subsequently, electronic components (not shown)
supplied from the component housing section 5 are mounted
onto the substrate PB by a suction nozzle 61 installed in
plurality on the head unit 6. After the surface mounter 1
completes the mounting operations for all components to be
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mounted on the substrate PB where the head unit 6 travels
back in forth a plurality of times between an upper part of a
tape feeder 51 installed on the component housing section 5
and an upper part of the substrate PB in this manner, the
conveyor drive motors M15 and M1c¢ of the substrate transfer
mechanism 2 are activated in response to a drive command
from the controller 3 and transfers the substrate PB.

The component housing section 5 as described above is
arranged on both sides of the substrate transfer mechanism 2
in a Y-axis direction. One or a plurality of tape feeders 51 are
attachable to each of the component housing sections 5. In
addition, a reel (not shown) around which is wound a tape that
houses and holds electronic components at a constant pitch is
arranged in the component housing section 5 in correspon-
dence with each feeder 51, and the component housing sec-
tion 5 is capable of supplying electronic components using
each feeder 51. Moreover, in the present embodiment, the
component housing section 5 is provided at a total of four
locations, namely, upstream portions and downstream por-
tions on front (+Y) sides and rear (-Y) sides of the main
transfer conveyors 215. Each component housing section 5 is
installed with an appropriate feeder 51 by an operator in
accordance with mounting of components to the substrate PB
that is performed based on a mounting program.

In addition to the substrate transfer mechanism 2, the sur-
face mounter 1 is provided with a head drive mechanism 7.
The head drive mechanism 7 is a mechanism for moving the
head unit 6 in an X-axis direction and a Y-axis direction in a
predetermined range of the base 11, and an X-axis motor M2
and a Y-axis motor M3 are respectively used for movement in
the X-axis direction and the Y-axis direction. In addition, an
electronic component suctioned by the suction nozzle 61 due
to the movement of the head unit 6 is transferred from an
upper position of the component housing section 5 to an upper
position of the substrate PB. In other words, in this head unit
6, eight mounting heads (not shown) extended in a vertical
direction Z are arranged in a row at regular intervals in the
X-axis direction (a direction in which the substrate PB is
transferred by the substrate transfer mechanism 2). Further-
more, the suction nozzle 61 is attached to a tip of each mount-
ing head.

Each mounting head can be elevated and lowered (moved
in a Z-axis direction) with respect to the head unit 6 by a
nozzle elevation drive mechanism that uses a Z-axis motor
M4 as a drive source, and can be rotated around a nozzle
central axis by a nozzle rotation drive mechanism that uses an
R-axis motor M5 as a drive source. Among these drive mecha-
nisms, the nozzle elevation drive mechanism elevates and
lowers a mounting head between a lowered position at which
suction or mounting is performed and a raised position at
which transfer or imaging is performed. On the other hand,
the nozzle rotation drive mechanism is a mechanism for rotat-
ing a component suction nozzle to conform to an electronic
component mounting direction, to correct a suction deviation
in the R-axis direction, and the like, and is capable of posi-
tioning an electronic component in a predetermined R-axis
position during mounting by driving rotation.

The head unit 6 is moved by the head drive mechanism 7 to
anupper part of the component housing section 5. The suction
nozzle 61 is positioned by the Z-axis motor M4 to an upper
part of a component suction position of the feeder 51 that
mounts a suction target component. The suction nozzle 61 is
lowered and the tip of the suction nozzle 61 comes into
contact with an electronic component supplied from the com-
ponent housing section 5 in order to suction and pickup the
electronic component. The suction nozzle 61 rises, then. In
this manner, the head unit 6 is transferred to an upper part of
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the substrate PB while an electronic component is being
suctioned and held by the suction nozzle 61, and the elec-
tronic component is mounted onto the substrate PB at a pre-
determined position in a predetermined direction.

In the midst of transferring, the head unit 6 passes above a
component recognition camera C1 arranged in the middle in
the X direction of two component housing sections 5 on the
side of the transfer path. The component recognition camera
C1 captures an image of the electronic component suctioned
by each suction nozzle 61 from below. As a result, a suction
deviation at each suction nozzle 61 is detected and position
correction corresponding to the suction deviation is per-
formed when transferring each electronic component onto the
substrate PB.

In addition, substrate recognition cameras C2 are respec-
tively fixed to both sides of the head unit 6 in the X-axis
direction. When the head drive mechanism 7 moves the head
unit 6 in the X-axis direction and the Y-axis direction, these
cameras C2 can capture an image of the substrate PB from
above at any position. To this end, each substrate recognition
camera C2 performs image recognition of a substrate position
and a substrate direction by photographing a plurality of
fiducial marks attached to the substrate PB at the mounting
work position.

The controller 3 that controls the entire surface mounter 1
configured as described above comprises the computation
section 31, a storage section 32 that includes a ROM, aRAM,
or an external storage device such as a hard disk drive, the
motor control section 33, an image processing section 34, the
external input/output section 35, and a server communication
control section 36. Among these components, the computa-
tion section 31 is constituted by a CPU and other components.

The computation section 31 functions as:

atime measurement section that measures a period of time
required for transferring the substrate PB from a substrate
stop position P1 to a position (hereinafter referred to as an
“intermediate position arrival time”) where the substrate PB
being transferred thereto is detected by the sensor SNb;

a time difference calculation section that calculates a time
difference between an intermediate position arrival time
(which corresponds to an “estimated time” to be described
later) that is expected when transferring the substrate PB
according to an acceleration/deceleration pattern set in
advance (FIGS. 6(A) and 6(C)) and an intermediate position
arrival time actually measured by the time measurement sec-
tion; and

avelocity control section that controls a transfer velocity of
the substrate PB.

In addition, the computation section 31 controls respective
sections of the surface mounter 1 according to a mounting
program written to the storage section 32 to perform compo-
nent mounting.

Besides the mounting program, the storage section 32
stores various information (a standard acceleration a0, a stan-
dard acceleration time, transfer velocity V1, a deceleration
start timing T04, the deceleration b0, and the like) for iden-
tifying a standard acceleration/deceleration pattern to be used
for transferring a first substrate of a lot, an intermediate posi-
tion arrival time estimated value ET, a minimum value and a
maximum value of transfer acceleration (acceleration a and
deceleration b), a minimum value and a maximum value of
transfer velocity, and the like.

Let us now return to and continue the description of the
electrical configuration of the surface mounter 1. As shown in
FIG. 3, the conveyor drive motors Mla to Mlc, the X-axis
motor M2, the Y-axis motor M3, the Z-axis motor M4, and the
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R-axis motor M5 are electrically connected to the motor
control section 33. Driving of each motor is controlled by the
motor control section 33.

In addition, the component recognition camera C1 and the
substrate recognition camera C2 are electrically connected to
the image processing section 34. Imaging signals outputted
from the respective cameras C1 and C2 are acquired by the
image processing section 34. Based on the acquired imaging
signals, the image processing section 34 analyzes both com-
ponent images and substrate images.

A displaying/operating unit 4 is provided for the surface
mounter 1 to display the mounting program, component
information, and the like. The displaying/operating unit 4 is
also used by an operator to input information such as various
data including maximum and minimum values of transfer
acceleration and transfer velocity, and commands into the
controller 3. Furthermore, the surface mounter 1 is provided
with the server communication control section 36 for sending
and receiving a mounting program and various data such as
component information to/from a data creating apparatus
(server) that creates the mounting program as well as other
surface mounters.

Next, a description of an outline of an operation of trans-
ferring a first substrate PB among a lot including a plurality of
substrates PB to the mounting work position P2 in the surface
mounter 1 configured as described above will be given with
reference to FIGS. 4 to 6. The following description explains
two cases: a case in which substrate slippage or the like does
not occur and the transfer is performed as estimated (in other
words, according to an acceleration/deceleration pattern set
in advance); and a case in which a lag in substrate transfer
occurs due to a factor such as belt deterioration, substrate
slippage, or the like and the transfer is not performed as
estimated. Subsequently, a substrate transfer method accord-
ing to the present embodiment will be described with further
reference to FIGS. 7 and 8.

FIG. 4 is a diagram schematically showing an outline of
substrate transfer by the surface mounter shown in FIG. 1. In
addition, FIG. 5 is a timing chart showing acceleration/decel-
eration patterns (A) to (C) of a substrate when the substrate is
transferred as estimated by the surface mounter shown in FIG.
1. Furthermore, FIG. 6 is a timing chart showing acceleration/
deceleration patterns (A) to (C) of a substrate when the sub-
strate is not transferred as estimated by the surface mounter
shown in FIG. 1. As shown, when transferring the first sub-
strate PB, a standard acceleration/deceleration pattern is read
from the storage section 32 and is assumed as being the
“acceleration/deceleration pattern set in advance”, and sub-
strate transfer is performed according to this acceleration/
deceleration pattern (FIGS. 5(A) and 6(A)). InFIGS. 5and 6,
reference characters T01, T02, T03, T04, and T05 denote
representative motion timings according to the acceleration/
deceleration pattern set in advance, and reference characters
T11, T12, T13, T14, and T15 denote actual motion timings
corresponding to the motion timings T01, T02, T03, T04, and
T05 when the substrate PB is actually transferred according
to the acceleration/deceleration pattern. In other words, when
substrate transfer is performed according to the acceleration/
deceleration pattern set in advance, the actual motion timings
T11,T12,T13, T14, and T15 are respectively consistent with
the motion timings T01, T02, T03, T04, and T05.

In addition, the diagram shown in a left half in FIG. 4 is an
estimation diagram of a substrate transfer operation in a case
in which the first substrate PB is transferred according to the
standard acceleration/deceleration pattern, and shows a trans-
fer status of the substrate PB and an ON/OFF status of the
sensors SNa and SNb at each of the motion timings T01, T02,
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T03, and T05. In addition, the motion patterns thereof are as
shown in FIG. 5(B). On the other hand, the diagram shown in
a right half in FIG. 4 is a prediction diagram of an actual
substrate transfer operation in a case in which the first sub-
strate PB is not transferred according to the standard accel-
eration/deceleration pattern, and shows a transfer status of the
substrate PB and an ON/OFF status of the sensors SNa and
SNb at each of the motion timings T11, T12, T13, and T15.
The motion patterns thereof are as shown in FIG. 6(B).

With the surface mounter 1, when a detection signal indi-
cating a detection of the substrate PB is outputted from the
sensor SNa, the controller 3 decelerates a transfer velocity V
of the conveyors 21a to stop the substrate PB at a substrate
stop position P1 that is located frontward of a position where
the substrate PB had been detected by the sensor SNa by a
predetermined distance (timings T01 and T11). In this man-
ner, the controller 3 causes the substrate PB to stand by at the
substrate stop position P1 until preparation to start mounting
components to the substrate PB is completed.

When mounting of components to the first substrate PB on
stand by becomes possible, the controller 3 controls the
respective sections of the apparatus according to the mount-
ing program, and transfers the substrate PB to and positions
the substrate PB at the mounting work position P2 according
to the acceleration/deceleration pattern set in advance. At this
point, when a transfer lag due to a factor such as conveyor
deterioration or substrate slippage does not occur, as shown in
the left half of FIG. 4 and in FIG. 5(B), the first substrate PB
is transferred according to the acceleration/deceleration pat-
tern set in advance. In other words, the transfer-in conveyors
21a and the main transfer conveyors 215 are driven to transfer
the substrate PB at an acceleration al (=a standard accelera-
tion a0) (timing T12). Once the transfer velocity V reaches a
transfer velocity V1, the substrate PB is transferred at a con-
stant velocity. Subsequently, the controller 3 decelerates the
substrate PB at deceleration b1 (=standard deceleration b0) at
the timing T14, and stops the substrate PB at the mounting
work position P2 at the timing T15.

As long as a factor such as conveyor deterioration or sub-
strate slippage does not occur, the timings T11, T12, T13,
T14, and T15 are completely consistent with respectively
corresponding timings T01, T02, T03, T04, and T05, and the
substrate PB can be transferred to the mounting work position
P2 in an accurate and stable manner. However, for example,
when a transfer lag occurs due to substrate slippage as shown
in FIG. 6(B), transferring the substrate PB at the standard
acceleration/deceleration pattern as-is results in the substrate
PB stopped before reaching the mounting work position P2.

Hence, in the present embodiment, the substrate PB is
detected by the sensor SNb at the intermediate position P3
during the transfer of the substrate PB from the substrate stop
position P1 to the mounting work position P2, and a decel-
eration pattern is controlled based on the detection result.
Specifically, when the tip of the substrate PB reaches a posi-
tion P3 directly above the sensor SNb, a detection signal
signifying detection of the substrate PB is supplied from the
sensor SNb to the controller 3 (timing T13). With the surface
mounter 1 configured as described above, when the substrate
PB is being transferred according to the standard accelera-
tion/deceleration pattern as shown in FIG. 5(B), a period of
time required for transferring the substrate PB from the sub-
strate stop position P1 to the intermediate position P3, or the
intermediate position arrival time AT, where the substrate PB
is detected by the sensor SNb becomes equal to a given
estimated time ET (=T03-T01). In other words, a time dif-
ference AT3 (=T13-T03) between the intermediate position
arrival time AT and the estimated time ET when the arrival of
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the substrate PB at the position P3 directly above the sensor
SNb is zero. On the other hand, there is likelihood that an
unexpected factor such as belt deterioration or substrate slip-
page may occur, for example, as shown in the right half of
FIG. 4 and in FIG. 6(B). In such a case, the transfer will not be
performed according to the standard acceleration/decelera-
tion pattern, so that the intermediate position arrival time
AT (=T13-T11) becomes longer than the estimated time ET
by the time difference AT3. Therefore, occurrence of an unex-
pected factor can be verified based on the time difference
AT3.

In addition, if substrate slippage or the like occurs during
transfer of the substrate PB to the intermediate position P3,
substrate slippage may also occur when transferring the sub-
strate PB at the standard deceleration b0. In such a case, the
substrate PB may stop before the mounting work position P2.
Hence, it is preferable to alter the deceleration bl to a value
that is smaller than the deceleration bl of the acceleration/
deceleration pattern set originally in advance, when an occur-
rence of an unexpected factor is verified based on a compari-
son result of the intermediate position arrival time AT and the
estimated time ET as described above. Although a transfer
time required for transferring the substrate PB from the posi-
tion P3 directly above the sensor SNb to the mounting work
position P2 increases slightly, such an alternation in the decel-
eration bl enables the substrate PB to be accurately posi-
tioned and stopped at the mounting work position P2, yet
reliably preventing slippage of the substrate PB. In the present
embodiment, to accommodate the alternation of the decelera-
tion b1 to a smaller value than the standard deceleration b0,
the deceleration start timing T14 is set earlier than the decel-
eration start timing T04 of the standard acceleration/decel-
eration pattern by a time difference AT4, as shown in FIG.
6(B). As described above, in the present embodiment, a decel-
eration pattern (the dashed line in FIG. 6(B)) is controlled by
altering the deceleration start timing T14 and the deceleration
bl to accurately stop and position the substrate PB at the
mounting work position P2. When the substrate PB which is
transferred to the intermediate position P3 at the transfer
velocity V1 is transferred according to the deceleration pat-
tern (the deceleration start timing T14 and the deceleration
bl) and stopped at the mounting work position P2 in this
manner, a distance D over which the substrate PB is trans-
ferred according to the deceleration pattern is expressed as

vi? (69)

D = (T04— T03 = AT3 — ATA)x V1 .
( VL 530D

This distance D represents a distance from the intermediate
position P3 to the mounting work position P2 and is a fixed
value. Therefore, by transforming the expression above, the
time difference AT4 may be expressed as

D o)

AT4=(104-T03 - AT+ o = o

Moreover, while the first substrate PB is illustrated in FIGS.
4 10 6, the second and subsequent substrates PB are subjected
to basically the same processing.

As described above, in the present embodiment, an inter-
mediate position arrival time AT is measured while the sub-
strate PB is being transferred from the substrate stop position
P1 toward the mounting work position P2 and a transfer status
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of the substrate PB (whether or not an unexpected factor has
occurred) is assessed based on the intermediate position
arrival time AT. In addition, before transferring the substrate
PB to the mounting work position P2, the deceleration pattern
is controlled by altering control parameters (a deceleration
start timing and the deceleration) in accordance with the
intermediate position arrival time AT in order to accurately
stop and position the substrate PB at the mounting work
position P2. Since the substrate PB is transferred to the
mounting work position P2 under feed-forward control in this
manner, the substrate PB can always be accurately transferred
to the mounting work position P2 regardless of the substrate
PB being the first substrate PB or a second or subsequent
substrate PB. Furthermore, even if the substrate transfer sta-
tus is changed during a transfer due to an unexpected factor,
the status change is assessed based on the intermediate posi-
tion arrival time AT and substrate transfer is performed in
accordance with the intermediate position arrival time AT.
Therefore, the substrate PB can be transferred to the mount-
ing work position P2 in a stable manner.

As shown in FIGS. 5(C) and 6(C), in the present embodi-
ment, once transfer of the first substrate is completed, the
acceleration/deceleration pattern is updated before transfer of
the second substrate. This update is intended to reduce a
substrate transfer time of the second substrate. Details of an
operation thereof will be described below together with a
specific control flow of the operation.

FIG. 7 is a flow chart showing operations of the surface
mounter shown in FIG. 1. In addition, FIG. 8 is a flow chart
showing feed-forward control. The controller 3 controls the
respective sections of the apparatus according to a mounting
program stored in the storage section 32. Basically, the con-
troller 3 is adapted to exert a component mounting operation
by transferring a first substrate PB of a lot, which is standing
by at the substrate stop position P1. The first substrate PB is
transferred to the mounting work position P2 according to the
standard acceleration/deceleration pattern, as shown in FIG.
5(A) or 6(A). Therefore, in step S1, the computation section
31 of the controller 3 activates the respective conveyor drive
motors M1a and M15 via the motor control section 33 to start
transfer of the substrate PB according to the standard accel-
eration/deceleration pattern (timing T11). In addition, at the
same time the transfer is started, the computation section 31
starts measuring elapsed time in order to obtain an interme-
diate position arrival time AT (step S2). Subsequently, when
the substrate PB arrives at the position P3 directly above the
sensor SNb and a detection signal is outputted from the sensor
SNb (step S3), the computation section 31 establishes the
intermediate position arrival time AT and performs feed-for-
ward control (step S4).

As shown in FIG. 8, in this feed-forward control, the com-
putation section 31 calculates a time difference AT3 of the
intermediate position arrival time AT from the estimated time
ET (step S41) and judges whether or not the time difference
ATS3 is substantially nonexistent (step S42). The term “time
difference AT3 is substantially nonexistent” here means that
the time difference AT3 is within an allowable range includ-
ing a measurement error and the like and that the time differ-
ence AT3 is substantially zero when error is taken into con-
sideration. When such a judgment is made, the computation
section 31 maintains the acceleration/deceleration pattern set
in advance (the standard acceleration/deceleration pattern for
the first substrate PB, and an acceleration/deceleration pat-
tern rewritten as will be described later for the second and
subsequent substrates PB) (step S43). Subsequently, the
deceleration is started ata deceleration start timing T14 thatis
consistent with a timing T04 of the acceleration/deceleration
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pattern set in advance (step S44). The deceleration b at this
point is equal to the deceleration b0, and the substrate PB is
stopped and positioned at the mounting work position P2 ata
timing T15 (step S45). In this manner, the substrate PB is
accurately transferred to the mounting work position P2
according to the acceleration/deceleration pattern set in
advance.

On the other hand, when the time difference AT3 substan-
tially exists (exceeds the allowable range) in step S42, the
computation section 31 advances a deceleration start timing
T14 by aperiod of time AT4 from the deceleration start timing
T04 of the acceleration/deceleration pattern set in advance
(the standard acceleration/deceleration pattern for the first
substrate PB, and an acceleration/deceleration pattern rewrit-
ten as will be described later for the second and subsequent
substrates PB), and changes the deceleration pattern by alter-
ing the deceleration b (step S46). Moreover, in the present
embodiment, a mode of alteration of the deceleration b is
differentiated according to whether the substrate PB is a first
substrate or a second or subsequent substrate of a lot. That is,
when the substrate PB is the first substrate, the deceleration b
is altered to a value smaller than the deceleration b0 or, more
specifically, to the deceleration b min at which slippage of the
substrate PB does not occur. In addition, for the second and
subsequent substrates, while the deceleration may be uni-
formly set to the deceleration b min, in the present embodi-
ment, the deceleration b of the second and subsequent sub-
strates is set higher than the deceleration b min as shown
below in order to reduce transfer time while suppressing
occurrences of substrate slippage and the like. Specifically,
for an (n)th substrate (where n is a natural number equal to or
greater than 2), if “bn-1" denotes the deceleration of an
(n-1)th substrate, then

p (BO+bn—1) 3)

2

is satisfied.

Deceleration is started at the deceleration start timing T14
altered as described above (step S47), and the transfer veloc-
ity of the substrate PB is decelerated at the altered decelera-
tion b to stop and position the substrate PB at the mounting
work position P2 (step S48).

Once the substrate PB is accurately positioned at the
mounting work position P2 as described above, the substrate
PB is fixed and held by a holding apparatus (not shown).
Subsequently, electronic components (not shown) supplied
from the component housing section 5 are mounted onto the
substrate PB fixed at the mounting work position P2 by the
suction nozzle 61 installed in plurality on the head unit 6 (step
S49). After the head unit 6 travels back in forth a plurality of
times between an upper part of the component housing sec-
tion 5 and an upper part of the substrate PB in this manner and
the surface mounter 1 completes mounting of all components
to be mounted on the substrate PB, the conveyor drive motors
M1b and M1c are activated in response to a drive command
from the computation section 31 and to transfer the substrate
PB.

Let us now return to FIG. 7 to continue the description of
the operation. The computation section 31 judges whether or
not the substrate has been transferred under feed-forward
control (step S4) as expected and substantially without any
time difference AT3 or, in other words, without an occurrence
of a transfer lag and according to the acceleration/decelera-
tion pattern set in advance (step S5). When the computation
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section 31 judges that there is a discrepancy from what was
estimated (in other words, that a transfer lag is to occur
according to the acceleration/deceleration pattern set in
advance), controlled variables (the acceleration a0, the decel-
eration start timing T04, and the deceleration b0) that define
anacceleration/deceleration pattern are reset based on a result
of' the recalculation performed in step S46, and the accelera-
tion/deceleration pattern (FIG. 6(C)) is rewritten as a new
“acceleration/deceleration pattern set in advance”. For
example, when substrate slippage or the like occurs during
transfer of the first substrate as shown in FIG. 6(C), an accel-
eration of the acceleration/deceleration pattern according to
which the second substrate PB is transferred may be set to the
acceleration a2 (<al) and the deceleration may be set to the
deceleration b2 (<b1), and the acceleration a2 and the decel-
eration b2 may be rewritten as the “acceleration/deceleration
pattern set in advance” according to the present invention to
prevent substrate slippage or the like from occurring during
transfer of the second substrate. In step 6, the estimated time
ET is updated after the calculation in a case where a substrate
is transferred according to the “acceleration/deceleration pat-
tern set in advance” that has been rewritten in this manner.

On the other hand, when the computation section 31 judges
that there is no discrepancy from what was estimated, in order
to achieve speedier transfer, the computation section 31
newly determines controlled variables (an acceleration, a
deceleration start timing, and the deceleration) and rewrites
the acceleration/deceleration pattern and, at the same time,
obtains an estimated time ET when a substrate is transferred
according to the rewritten acceleration/deceleration pattern
and updates the estimated time ET (step S7). At this point, a
new acceleration an may be determined as follows. That is,
while the first substrate PB is accelerated at an acceleration
al (=a standard acceleration a0), (n)th and subsequent sub-
strates PB (where n is a natural number equal to or greater
than 2) may be set to a value greater than the acceleration
(an-1) of an immediately previous substrate, and an accel-
eration an of the (n)th substrate PB may be determined based
on the following expression:

@)

_ (amax+an — 1)
=

where ‘amax’ denotes an upper limit of acceleration which
is a value determined according to apparatus configuration.
In addition, in a similar manner to the acceleration an, the
deceleration bn may also be set to a value greater than the
deceleration (bn-1) of an immediately previous substrate,
and the deceleration bn of the (n)th substrate may be deter-
mined based on the following expression:

_ (bmax + b — 1)

(&)
b= . )

where b max denotes an upper limit of the deceleration
which is a value determined according to apparatus configu-
ration.

An acceleration/deceleration pattern rewritten as described
above corresponds to an “acceleration/deceleration pattern
set in advance” according to the present invention. Once the
acceleration/deceleration pattern is rewritten and the esti-
mated time ET is reset, in a next step S8, the computation
section 31 judges whether or not component mounting has
been completed for all substrates PB included in the lot. When
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there is a substrate PB not yet mounted and production is to be
continued, the rewritten acceleration/deceleration pattern is
set as the “acceleration/deceleration pattern set in advance”,
transfer of a next substrate PB standing by at the position P1
is started (step S9), and a return is made to step S2 to repeat
the series of processes described above.

Moreover, the present invention is not limited to the fore-
going embodiment and various modifications other than
those described above may be made without departing from
the spirit and the scope of the present invention. For example,
when a transfer lag occurs in the embodiment described
above, a deceleration pattern is controlled by advancing a
deceleration start timing T14 from a deceleration start timing
T04 of an acceleration/deceleration pattern and setting the
deceleration smaller than the deceleration of the acceleration/
deceleration pattern to stop a substrate PB at the mounting
work position P2. However, when transfer starts prematurely
due to various factors, the deceleration pattern may be con-
trolled as follows. In such a case, the timing T13 arrives
earlier than the timing T03 and the time difference
AT3 (=T13-T03) assumes a negative value. Therefore, the
deceleration pattern need only be controlled by altering the
deceleration start timing T14 and the deceleration b to stop
the substrate PB detected by the sensor SNb at the mounting
work position P2. As a result, a similar operational advantage
as the embodiment described above is achieved.

In addition, while the transfer velocity V1, the maximum
value ‘amax’ of the acceleration a, the maximum value b max
of the deceleration b, and a minimum value b min of the
deceleration b are fixed in the embodiment described above,
there may be cases where substrate slippage is more likely to
occur and cases where substrate slippage is less likely to
occur, depending on substrate type. Hence, for example, as
shown in FIG. 9, a configuration may be adopted in which
transfer acceleration (acceleration and deceleration) and a
maximum value and a minimum value of transfer velocity are
displayed on a display section 41 of the displaying/operating
unit 4 of the surface mounter 1, and a user or operator is able
to set the various values as appropriate via an operating part
(not shown) of the displaying/operating unit 4. Furthermore,
a configuration may be adopted in which a transfer accelera-
tion and a transfer velocity that are optimal for a substrate
type are set by inputting substrate information indicating the
substrate type such as a substrate ID or having substrate
identification information such as a bar code be read.

Furthermore, while a dedicated sensor SNb for measuring
an intermediate position arrival time AT is provided in the
embodiment described above, a configuration may be
adopted, for example, in which the head unit 6 is positioned so
that the substrate recognition camera C2 fixed to the head unit
6 is positioned directly above the intermediate position P3,
and the intermediate position arrival time AT is obtained by
detecting the substrate PB by the substrate recognition cam-
era C2. In this manner, by adopting a configuration in which
the substrate recognition camera C2 not only fulfills a func-
tion of capturing an image of fiducial marks but also functions
as “detection means” or a “detection unit” according to the
present invention, the sensor SNb becomes unnecessary and
cost reduction of the apparatus can be achieved.

In addition, while the substrate transfer mechanism 2 is
constituted by three conveyor pairs in the embodiment
described above, the number of conveyor pairs is not limited
thereto and the present invention is also applicable to a sub-
strate transfer apparatus that transfers a substrate PB by any
conveyor configuration.

Furthermore, a configuration for controlling the respective
motors by the controller 3 may be adopted in which encoders
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that output pulse signals in accordance with a rotation status
of the motors are annexed and a pulse signal outputted from
each encoder is supplied to the controller 3.

Moreover, while the present invention is applied to a sub-
strate transfer apparatus installed in the surface mounter 1, an
applicable range of the present invention is not limited
thereto. The present invention may be applied to a printer
which transfers a substrate from a substrate stop position
(stand by position) P1 to a print position (work position) P2
and which prints a solder paste or the like. In addition, it is
needless to say that the present invention can also be applied
to a substrate transfer apparatus provided on a mounting line
apparatus that combines a printer with a surface mounter.

What is claimed is:

1. A substrate transfer apparatus adapted to transfer a sub-
strate stopped at a first position toward a second position and
to stop the substrate at the second position, the substrate
transfer apparatus comprising:

a substrate transfer mechanism that transfers a substrate
along a substrate transfer path extending from the first
position to the second position;

a detection unit that detects the substrate at an intermediate
position between the first position and the second posi-
tion when the substrate is traveling along the substrate
transfer path; and

a control unit that controls the substrate transfer mecha-
nism, such that, when one substrate is transferred from
the first position toward the second position, a velocity
of the one substrate is controlled after the one substrate
arrived at the intermediate position in accordance with a
detecting result by the detection unit, the control unit
including:

a time measurement section adapted to measure an inter-
mediate position arrival time that is required for trans-
ferring the one substrate from the first position to the
intermediate position where the one substrate is detected
by the detection unit; and

a velocity control section adapted to control a deceleration
pattern in accordance with the intermediate position
arrival time so that the one substrate detected by the
detection unit is decelerated to stop at the second posi-
tion.

2. The substrate transfer apparatus according to claim 1,

wherein the control unit further includes:

a storage section that stores an estimated time that is a time
estimated to transfer the one substrate from the first
position to the intermediate position where the one sub-
strate is detected by the detection unit when the one
substrate is being transferring toward the second posi-
tion according to an acceleration/deceleration pattern set
in advance; and

a time difference calculation section that calculates a time
difference between the intermediate position arrival
time and the estimated time, and

wherein the velocity control section determines the decel-
eration pattern based on the time difference.

3. The substrate transfer apparatus according to claim 2,

wherein the velocity control section adapted to control a
deceleration start timing at which the one substrate
detected by the detection unit is decelerated and to con-
trol the deceleration after the deceleration start timing so
as to transfer the one substrate detected by the detection
unit to the second position according to the deceleration
pattern.

4. The substrate transfer apparatus according to claim 2,

wherein the control unit controls the substrate transfer unit
so that the one substrate detected by the detection unit is
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transferred according to the acceleration/deceleration
pattern set originally in advance when the time differ-
ence is substantially nonexistent.

5. The substrate transfer apparatus according to claim 2,

wherein the control unit adapted to control the substrate
transfer unit so that the one substrate detected by the
detection unit is transferred at the deceleration that is
smaller than the deceleration of the acceleration/decel-
eration pattern set originally in advance when the time
difference substantially exists and the intermediate posi-
tion arrival time is longer than the estimated time.

6. The substrate transfer apparatus according to claim 2,
said the substrate transfer apparatus transfers a plurality of
substrates of a same type in an order set in advance,

wherein the control unit is adapted to rewrite the accelera-
tion/deceleration pattern, set in advance for transferring
an (n-1)th (where n is a natural number greater than 2)
substrate, into an acceleration/deceleration pattern hav-
ing acceleration that is greater than the acceleration used
for transferring the (n-1)th substrate so that an (n)th
substrate stopped at the first position is transferred
toward the second position according to the rewritten
acceleration/deceleration pattern.

7. The substrate transfer apparatus according to claim 6,

wherein the control unit is adapted to compute a period of
time required for transferring the (n)th substrate from
the first position to the intermediate position where the
(n)th substrate by the detection unit in response to the
rewritten acceleration/deceleration pattern, and the con-
trol unit is adapted to rewrite the estimated time into the
computed time.

8. A substrate transfer apparatus adapted to transfer a sub-
strate stopped at a first position toward a second position and
to stop the substrate at the second position, the substrate
transfer apparatus comprising:

a substrate transfer mechanism that transfers a substrate
along a substrate transfer path extending from the first
position to the second position;

a detection unit that detects the substrate at an intermediate
position between the first position and the second posi-
tion when the substrate is traveling along the substrate
transfer path; and

40

18

a control unit that controls the substrate transfer mecha-
nism,

the control unit including:

a time measurement section adapted to measure an inter-
mediate position arrival time that is required for trans-
ferring the substrate from the first position to the inter-
mediate position where the substrate is detected by the
detection unit;

a velocity control section adapted to control a deceleration
pattern in accordance with the intermediate position
arrival time so that the substrate detected by the detec-
tion unit is decelerated to stop at the second position;

a storage section that stores an estimated time that is a time
estimated to transfer the substrate from the first position
to the intermediate position where the substrate is
detected by the detection unit when the substrate is being
transferring toward the second position according to an
acceleration/deceleration pattern set in advance; and

a time difference calculation section that calculates a time
difference between the intermediate position arrival
time and the estimated time,

wherein the velocity control section determines the decel-
eration pattern based on the time difference,

the substrate transfer apparatus transfers a plurality of sub-
strates of a same type in an order set in advance,

the control unit is adapted to rewrite the acceleration/de-
celeration pattern, set in advance for transferring an
(n-1)th (where n is a natural number greater than 2)
substrate, into an acceleration/deceleration pattern hav-
ing acceleration thatis greater than the acceleration used
for transferring the (n-1)th substrate so that an (n)th
substrate stopped at the first position is transferred
toward the second position according to the rewritten
acceleration/deceleration pattern, and

the control unit is adapted to compute a period of time
required for transferring the (n)th substrate from the first
position to the intermediate position where the substrate
by the detection unit in response to the rewritten accel-
eration/deceleration pattern, and the control unit is
adapted to rewrite the estimated time into the computed
time.



